The Effects of Late Spring Frost on Forest and Landscape Health and Recovery of the Black Rock Forest, New York by Eco, Caroline et al.
City University of New York (CUNY) 
CUNY Academic Works 
Publications and Research New York City College of Technology 
2021 
The Effects of Late Spring Frost on Forest and Landscape Health 
and Recovery of the Black Rock Forest, New York 
Caroline Eco 
CUNY New York City College of Technology 
Oliver Imhans 
CUNY New York City College of Technology 
Aaron Davitt 
CUNY Graduate Center 
Andrew B. Reinmann 
CUNY Graduate Center 
How does access to this work benefit you? Let us know! 
More information about this work at: https://academicworks.cuny.edu/ny_pubs/758 
Discover additional works at: https://academicworks.cuny.edu 
This work is made publicly available by the City University of New York (CUNY). 
Contact: AcademicWorks@cuny.edu 
3) Results - NDVI 4) Results - LST
The Effects of Late Spring Frost on Forest and Landscape Health and Recovery of the Black Rock Forest, New York 
Caroline Eco1,2, Oliver Imhans1,3, Aaron Davitt4, Andrew B. Reinmann5,6
(1) CREST Research Experience for Undergraduate Program (2) CUNY New York City College of Technology, Electrical Engineering Technology Department, Brooklyn, NY, United States (3) CUNY New York City College of Technology, Mathematics Department , Brooklyn, NY, United States 
(4) The Graduate Center, CUNY (5) Environmental Sciences Initiative, CUNY Advanced Science Research Center (6) Department of Geography and Environmental Science, Hunter College Abstract ID: 749030
1) Introduction and overview 
Projected changes in climate are expected to increase the
frequency of late spring frost events in the Northeast US. Such
events can be harmful to trees because freezing temperatures that
occur after leaf-out can damage or kill young leaves. The resultant
defoliation typically forces a second flush of leaves, but delays
canopy development, which in turn delays the onset of canopy
carbon uptake and alters canopy thermal properties. In this study,
we analyzed a recent freeze event that occurred on 8-9 May 2020
(DOY 129-130) at Black Rock Forest (BRF), which is in the
Hudson Highlands of southeastern New York State. We compared
satellite images collected during the 2019 (no frost year) and 2020
growing season.
Research objectives
1. Investigate the Landsat-8 Normalized Difference Vegetation
Index (NDVI) to assess spatial and temporal patterns in canopy
development.
2. Use the Land Surface Temperature (LST) to measure the
temperature of the forest before and after the frost.
3. Use the mean results of the NDVI value from Landsat-8 data
and Land Surface Temperature (LST) to highlight the
differences in the timing of greenness between the two years.
4. Use Ecosystem Spaceborne Thermal Radiometer Experiment
(ECOSTRESS) imagery to support our findings.
The end goals are to produce data sets that measure canopy
growth based on the Landsat-8 data and data sets that show
the land surface temperature (LST) using the ECOSTRESS
sensor for the purposes of showing late spring frost effects on
temperate deciduous forests. Figure 2: Weather station data indicating the latespring frost on 9 May 2020.
NDVI Sensitivity to Low and High Growth Stages (Figures 6-9)
The sensitivity analysis of Normalized Difference Vegetation Index (NDVI) reveals areas of arid land, sand, and snow and are represented by low NDVI values.
Scanty vegetations and grasslands may lead to moderate NDVI values. The high NDVI values correlate to thick vegetation or crops at their peak stage of growth.
Considering the forest NDVI as a glance of forest health, the results of spring frost may have a negative impact on the forest.
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Figure 1: A) Google Earth image with a red polygon
marking Black Rock Forest and pink stars marking
Manhattan, Long Island and Montauk. B) Google Earth
close-up of Black Rock Forest with pink stars marking
Lowland Station, Ridgetop Station and Fire Tower
Station, and a cross marking Hill of Pines trailhead.
2)
Land Surface Temperature Patterns (Figures 10-14)
The temperature analysis after the frost date or 9 May 2019 shows varying LST patterns. Missing data may be the result of sensor
malfunction, solar panel noise or the removed pixels with cloud content.
• Figure 10 – ECOSTRESS LST of BRF shows cooler temperatures on 21 May 2020 compared to 25 May 2019.
• Figure 11 - ECOSTRESS LST of BRF shows warmer temperatures on 13 June 2020 compared to 13 June 2019.
• Figure 15 - ECOSTRESS LST of BRF shows a cooler forest during summer on 27 August 2020 – 30 August 2019.
Figure 6: A) NDVI image for 3 May 2020 before the late spring frost. B) NDVI image for 24 April 2019 highlighting similar forest greenness with Figure 5A. C)
NDVI difference image (3 May 2020 - 24 April 2019).
9A)
Figure 3: View from Hill of Pines on 16 May 2020.
All red and black oaks seem to have suffered damage
from the freeze, keeping things looking like early
spring. The presence of leaves is possibly evidence of
a second flush in its early stages.
6) Conclusion and Next Steps
The Landsat-8 NDVI images of 2019, where there was no frost event, show
consistency in the rise of forest greenness from early May to beginning of June. NDVI
images of 2020 before the frost event shows similarities in greenness with 2019. Mean
NDVI values show a steady level of forest greenness from early 2020 until 3 May
2020, with a mean NDVI value of 0.4. NDVI values significantly decrease right after
the frost event as indicated by the NDVI image from 12 May 2020. The recorded
NDVI on 4 June 2020 with a mean value of 0.8 indicates canopy recovery,
approximately 26 days after the frost event. The PhenoCam GCC Time Series Plot
confirms this forest recovery with a peak in forest greenness on 11 June 2020.
Weather station data confirms the hard freeze on 9 May 2020. LST highlights the
cooler temperatures of the forest compared to urban areas. Due to the presence of
clouds, ECOSTRESS LST during low temperatures are scarce and we were not able to
observe the LST before 9 May 2020 and 9 May 2019. LST analyses after 9 May in
both years show a steady rise in temperature, including warmer values after late June
in 2020, and a fluctuating pattern in temperature in 2019. LST anomalies could be due
to sensor malfunction or solar panels interference. LST comparisons post-frost event
show an approximate 5ºC difference between 2020 and 2019. Our preliminary
investigations require further study to compensate the data loss as a result of removed
pixels with cloud content. Further research will be conducted to ascertain the reasons
for such anomalies in temperature and whether ECOSTRESS LST can accurately
reflect late spring frost effects.
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2) Location, data, and methods
The research project centers on Black Rock Forest, a landmass that covers about 3,870-acre (15.7 km2) of the biological field station and forest located in the Hudson region of New York, NY (Figure 
1). Ground data was collected from January to July for 2019 and 2020, including the frost event (8-9 May 2020). Two different approach was used for data collection, the Normalized Difference 
Vegetation Index (NDVI) and the Land Surface Temperature (LST).
ECOSTRESS
• Multispectral scanner, 3 thermal infrared (TIR) bands (8.0 –
12.5 μm, mid- to long-wave IR), ~ 70m spatial resolution.
• Gathers 46.6 sweeps of data per minute or an average of 1
hour of data science per day.
• ECOSTRESS provides LST products which provide
information on surface and vegetation temperature.
• ECOSTRESS LST will be compared to Landsat-8 NDVI
measurements to assess the forest health and temperature.
Landsat-8
• Operational Land Imager (OLI) and Thermal Infrared
Sensors (TIRS), 15m-100m resolution.
• Landsat-8 returns 400 scenes per day to the USGS data
archive.
• Landsat-8 provides Near-Infrared (IR) and Red (R) band
readings for calculation of the Normalized Difference
Vegetation Index (NDVI).
• NDVI serves as the quantifier for vegetation health and
canopy recovery.
Flowchart depicting methods and goals of this study.
1) Determine the date range for the study.
2) Download Landsat-8 and ECOSTRESS satellite data from 
NASA AppEEARS website. 
7) Create difference images and  plots which will be used for 
further analysis.
5) Create NDVI series 
for forest and canopy 
study.
3) Clean satellite images by removing pixels with cloud values.
4) Run statistics of the pixel values to determine the best images.
6) Create LST series 
for forest temperature 
study.
Figure 4: A) Phenocam installed on Fire Tower Station of
Black Rock Forest. B) Phenocam image taken on 17 May 2020,
after the frost event.
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Figure 5: A-B) Temperature sensor installed on Fire




10B) 10C)10A)Figure 10: A) LST on 21 May 2020, local time 
8:08pm. B) LST on 25 
May 2019, local time 
6:50pm. C) LST 
difference image (21 May 
2020 - 25 May 2019) 
with a temperature 
difference scale ranging 
from -8º to 25ºC.
Figure 11: A) LST on 13 
June 2020, local time 
10:40am. B) LST on 13 
June 2019, local time 
5:43pm. C) LST 
difference image (13 June 
2020 – 13 June 2019) 
with a temperature 
difference scale ranging 
from -8º to 25ºC.
Figure 8: A) Comparison of NDVI of Black Rock Forest between 2020 and 2019. B) Comparison of
NDVI of different stations in BRF between 2020 and 2019.
Figure 7: A) NDVI image for 12 May 2020 right after the late spring frost highlighting the absence of greenness and the frost damages. B) NDVI image for 26 May






mid-April to end of June
(2019-20). Dashed line
indicates the 2020 freeze
event. 12) BRF LST 13)
Lowland, Ridgetop and
Fire Tower Stations LST
14) Mean anomalies in
LST.
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Figure 9: A) Oak flowers and B) young oak leaves killed
by the 2020 freeze event. Images taken on 16 May 2020.
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15A) 15B) 15C)Figure 15: A) LST on 27 August 2020, local time 
11:20am. B) LST on 30 
August 2019, local time 
10:42am. C) LST 
difference image (27 
August 2020 – 30 August 
2019) with a temperature 
difference scale ranging 
from -8º to 25ºC.
5) Forest recovery
Figure 16-18: 2020 PhenoCam
images at BRF on 16) 22 May, 
local time 3:03pm. 17) LST on 29 
May, local time 1:18pm. 18) 5 
June, local time 1:18pm.
16) 17) 18)
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Figure 19) PhenoCam (GCC) 
Green Chromatic Coordinate 
Time Series Plot recording forest 
health of BRF, with 11 June 2020 
as the peak date of BRF canopy 
greenness. 20) PhenoCam image 
on 11 June 2020, local time 
1:18pm. 21) NDVI Image on 4 
June 2020 with a mean NDVI of 
0.8.
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